Using porcelain and resin-mixed composites as experimental materials, cubic polymerized composites were prepared by the accumulation of thin slices cured by laser scanning. The composites were then fired, and bulk ceramic bodies were made. The optimal firing conditions of polymerized composites and firing shrinkage were investigated. The results showed that cubic ceramic bodies in a form homologous to that before firing could be reproduced. The volume shrinkage of fired ceramic bodies consisting of 1g of ceramic powders and 0.3g of epoxy resin was about 30% under all firing conditions, and there were no significant differences between specimens. It was suggested that with further research and development, three-dimensional forms for clinical use in dentistry could be manufactured by the proposed method.
INTRODUCTION
Recently, esthetic dentistry has been in great demand, and prosthetic appliances manufactured by ceramics are being used extensively. A typical example is the porcelain-fused metal crown, which is esthetically pleasing and has high durability. However, advanced laboratory techniques and skilled handwork are required to make these prosthetic appliances.
Manufacturing accurate three-dimensional (3-D) tooth forms by firing porcelain powders is especially difficult because of firing shrinkage and sintering. After firing porcelain powders, a great deal of skillful handwork is required to make an accurate 3-D form. The aim of this study was to try to develop a method that can automate this difficult handwork.
Due to the advances in computer technology, CAD/CAM technology has recently been introduced to dentistry. Ueda1) and Hikita et al.2) in our department have used CAD/CAM technology to manufacture metal crowns and bridges, which have been successfully used in clinical practice. Making a 3-D form on the computer is relatively easy. A 3-D model of the maxillo-facial bone has been made in our department by laser lithography from CT data, and this model has proved to be useful in clinical diagnosis and treatment of maxillo-facial prosthodontics.
This results of Scheffe's post hoc test showed that there was a significant difference in linear shrinkage between the X-or Y-axis and Z-axis under firing condition 3. The mean volume shrinkages were 33.4%, 32.7% and 31.1% under conditions 1, 2 and 3, respectively. There were no significant differences between these results. Fig. 5 shows SEM images of the surfaces of a polymerized composite (a: X-Y surface, b: accumulating surface). There are more gaps between porcelain powders in the accumulating surface image than in the X-Y surface image. Observations with the naked eye showed that a bulk ceramic body fired under condition 1 had cracks within the interface of the slices, as shown in the left photo of Fig. 4 . The color of the body was blackish , suggesting the presence of residual carbon. The cubic form was maintained to a certain extent. Fig. 6 shows SEM images of the ceramic surface after firing under condition 1. Many small particles can be seen in both images . A bulk ceramic body fired under condition 2 also had cracks within the interface (Fig . 4 middle) . The color of the body was white. The line edge was roundish to some extent , but the cubic form was maintained overall. Fig. 7 shows SEM images of the ceramic surface after firing under condition 2. Small particles and gaps are considerably less numerous 
